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SU4MARY

Jr. -

Thestaticlateralandrol.lirugstabilityderivativesofa series
of cruciform,invertedT-,V-,andY-configurationscomposedoflow-
aspect-ratiotriangularsurfaceshavebeen”obtainedat lowspeedinthe
6-foot-di.smeterroUQg-flowtestsectionoftheLangleystabilitytunnel.
Thesederivativesarepresentedasfunctionsofthegeometryofthemodels,
andfortwoconfigurations(aplanarwingandan invertedT),as~c-
tionsof angleof attack.Wherepossible,comparisonshavebeenmadeto
indicatetheextentof sgreementbetweenexperimentandexistingtheory.
Ingeneral,thesideslipderivati=sshowedbetteragreementbetween
theory,andexperimentthantherollingderivatives.

INTRODUCTION

Withthetrendof.modernhigh-speedaircraft,particularlymissiles,
towardtheuseoftailconfigurationsincorporatingsurfacesof smald.
aspectratio,a numberoftheoreticalpapershavebeenPuM3shedonthe
determinationofthestabilitycharacteristicsofthiswe of configura-
tion(refs.lto 6). Althoughmostofthesepapersareconcernedpri-
marilywithsupersonicflow,some,whichwe basedon slender-bodytheory
(i.e.,thinwingsof extremelylowaspectratioandBlenderbodies),are
applicableto subsonicspeeds.Thetheoreticalstabilitycharacteristics
forsometailconfigurationshavebeenverifiedexperimentally;hoyever,
onlymeagerornoexpertintaldataexistfora rangeofV-,Y-,and
cruciform-tailconfigurations,particularlyat lowspeeds.

Thepurposeofthepresentinvestigationwasto obtainexperimental
dataonV-,Y-,andcruciformtailsandto comparethedatawhereprac-
ticalwithexistingslender-bodytheory.It shouldbekeptinmindthat
theslender-bodytheorytreatsthecaseinwhichthesurfacecarriesa
finiteloadatthetrailingedge;whereasforthelow-speedexperimental
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conditions
Therefore,
trendsand
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usedinthisinvestigation,thetrailingedgecarriesno load.
thetheoreticalandexpertintalcurvesshouldbe comparedfor
notforabsolutevalues. L

sYMmLs

Thesymbolsusedinthispaperarereferredtothestabilitysystem
ofaxeswiththeoriginofthe’axeslocatedattwo-thirdsofthemodel
rootchord.Positivedirections.offorces,moments,anddisplacements
aboutthestabilityaxesareshowninfigure1.
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acn
Cnp = — perradian

~

acl
Clp = — perradian

~

Subscripts:

H horizontalsurface

v vertical surface

u upper

2 lower

CT CruCifOrmconfiguration

m invertedT-configuration

VT V-configuration

YT Y-configuration

MODEISANDTESTS

Themodelsusedinthisinvestigationwereassembledofplywood
half-deltasurfaceshavingroundedlea&Lngedgesandtaperedtrailing
edges.(Seefig.2(a).) Thesurfacesbadrootchordsof4.I-2feet@
semispansrangingfrom0.375tol.~~ feet.

Thevariousconfigurationswereobtainedby clampingthesurfaces
to a mountingrodslightlylesstidismeterthan*hethiclmessofthe
plywood.Theintersectionsbetweensurfaceswerethensealed.Themodels
wereassembledinsucha mannerthattheapexesofallsurfaceswerecoinc-
identandtheirtrailingedgeswereina planenormaltothelineof
intersection.Thelineof intersectioncoincidedwiththerootchords’of

.— . ——. .—— — .—. _ .
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thesurfaces.Thecompleterangeof configurationsisindicatedinfig-
ures2(b)and2(c),andtwooftheconfigurationstestedinthisinvesti-
gationareshowninfigure3. b

Themodelsweremountedona singlestrtisupportsystemwiththe
mountingpointattwo-thirdsoftherootchordmeasuredfromtheapex
ofthemodel.Allmodelsweremounteduprightas indicatedinfigures2(b),
2(c),and3(a)withtheexceptionoftheY-configurationswhichweretested
inan invertedpositionas showninfigure3(b).Forcesandmcmentswere
measuredby a six-componentbahncesystem.

Thetestsweremadeinthe6-foot-diameterrolling-flowtestsection
oftheLangleystabilitytunnelata dynsmicpressureof 39.7poundsper
squsrefoot,whichcorrespondsto a Machnumberof0.164auda Reynolds
numberofapproximately4.8x 106basedontherootchordofthesurfaces
of4.X2feet.

‘3
Shleslipdatawereobtainedforvaluesof sideslipangle p equal

to0°,@, andf5°. RolJlng-stabilitydatawereobtainedby usingvalues
of p/2V of0,N.005,K).O1O,andiO.015radianperfootof span.Inmost
cases,theangleof attackwassetatOo;however,twoconfigurations-
the3-foot-spanplansrsurfaceandtheinvertedT-configuration,having
a horizontal-surfacespanequalto 1.5feetanda ratioofhorizontal-
SUrfELCespantOVeITbiCtd-SUrfaCespan bH/bv equaltO 1 - weretestedat
anglesof attackupto 26°.

In ordertodeterminetheeffectofthicknessonthelift-curve
slopeofthesurfaces,twodeltawingshavingthessmesweepangleof
theleadingedgeof 84.&’andhavingthicknessesof3/8inchand3/4inch
weretestedthroughanangle-of-attackrange.Itwasfeltthata com-
parisonoftheresultsobtainedfromthesetwowingswouldgivean indi-
cationofthevalitityof eliminatingthicknesseffectsasa factorin
compsringtheresultsobtainedusingthe3/4-inch-thicksurfaceswith
theslender-bodytheoreticalresultswhereinthesurfacesareassumedto
havezerothiclmess.Theeffectsofthiclmessforthesurfacestested
werefoundtobe small.

Correctionshavebeenappliedforjet-boundsryeffectsonanglesof
attackandsideslipaccordingtothemethodpresentedinreference7.
Tarecorrectionshavebeenappliedtotherolling-flowdataofthecruci-
foficonfigurationsinanattemptto eliminatetheeffectof.thecutout
inthelowerverticslsurfacenecessitatedbythemethodofmountingthe
models.

It ispossiblefora slightmisalinementoftherollaxisofthe
tunnelflowtoproduceincrementsoftheside-forcederivativeC!ypas

evidencedintheresultsfor-thecruciformconfiguration(bv$n&= 1.00)
at0° angleof attackandfortheplanarconfigurationat0° angleof *

attack.No attempthasbeenmadeto correctforthiseffect.
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RESULTS

Sideslip

ANDDISC’LESION

Characteristics

Cruciformconfigurations.-Themeasuredsideslipcharacteristics
forthecruciformconfigurationsareshowninfigure4 as curvesofthe
derivativesCyp, ~B, Ud CZ~ plottedagainsttheratioofhorizontal

/
spantoverticalspan bH bv forseveralvaluesoftheratioofthelower

I
spantotheupperspanoftheverticalsurfacebvl~u.

Theexperimentalresultsshowthat,fortheinvertedT-arrangement
(%,/%u = + thederivativesCyP and C% increasednegativelyalmost

linesrlywiththeratio bH/bV~til a VdUe Of
I

bHbV of about1.0was
reached.F’urtherincreasesintheratiocausedlittlechangein C%,

whereasthenegativeslopeof ~P wasslight~decre~ed.me deri~-

tive CZP remainednearlyconstantuntiltheratioofhorizontal-surface

spantovertical-surfacespanof1.0wasreached;thenitdecreasedwith

h
furtherincreasein ~ . Theeffectsofhorizontal-tailspanindicated
hereinfortheinvertedT-configurations,usuallyreferredto asend-plate
effects,arequalitativelythesameasthoseshownby thetheoreticaland
experimentaldataofreference8 andthetheoreticalanalysisofrefer-
ence9 eventhoughthesereferencesareconcernedwithaspectratiosand
sweepanglesverydifferentfromthoseofthepresentinvestigation.
Equationspresentedinreference4 me directlyapplicabletotheinverted
T-configurationsandwereusedto obtainthevariationof CyP and Cz

P
with ~1~. Theresultsarepresentedinfigure4 forcomparisonwith
theexperimentaldata.Theagreementbetweentheoryandexperimentis
good

face

and

rate

forboth C-ypand Cl .
—

P

Theeffectofvaryingtheverticslpositionofthehorizontalsur-

1
(increasingbvlbvu)wasto decreasetheend-plateeffecton KP

Czp /forallratiosof ~~. Theresultsalsoindicatethatthe

of changeofend-plateeffectwithincreasingbvz/bvu‘-s very

g?eatwhenthehorizontalsurfacewasnearthebaseofthe.verticalsur-

(/ )
face bv~bvu= O ~ butbecsmenegligible% thehorizontalsurfaceneared

thecenter

consistent

oftheverticalsurface

withthreeofreference
(%,/%u=4. Theseeffectssxe

8.

—.-—— ._._ ._, _ ._. —
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Theeffectsofvariation
.tivesfora plansrdeltawing

ofangleofattackonthesideslipderiva-
.

andan invertedT-configurationarepresented
in figure5. Below”anangleofattackofapproximately6°,thesideslip .
derivatives%p - %p werenearlyequalto zerofortheplanarcon-

figuration.This and the variationof CZB upto anangleofattackof

approximately16°areinagreementwiththetheoryofreference5. The
additionof a verticalsurfaceontopoftheplanarconfigurationproduced
negativeincrementsofallthreederivativesatOo angleofattack.A
comparisonofthedataoffigures5(a)and5(b)showsthatthenegative
incrementinthecaseof C~ decreasedconsiderablyastheangleof
attackwasincreased.

V-configurations.-Themeasuredsideslipcharacteristicsofthe
V-configurations(seefig.2(b))areshowninfigure6 as curvesof Cyp,

C%, and CZP plottedagainstdihedralangle.Theresultsindicateda
nesrlyline= increaseinthenegativevaluesof CyP and Cnp forthe

rangeofdihedralanglefrom150to boo Betweendihe&alanglesofOo
and150, %p and C

%
showedonlyslightnegativeincreases.The

variationof Ct
P

withincreasingdihedralanglefrom0°to 60°was

nearlylinearaudnegative.Thisvariationof Cz is ingoodagreement
P

withtheresultsofreference5 intherangeof smaU dihedralanglesfor
whichthistheoryisapplicable.

Y-configurations.- Theadditionofverticalmertiberstothebottom
ofthe45°Uhedral-angleV-configuration,forminga Y-configuration,
producednegativeincrementsin Cyp and C% whichincreasedasthe

ratiobV/D wasincreased.(Seeffg.7.) Increasingthespanofthe
verticalsurfaceoftheY-configurationtamedlittlechangein CZB

for bV/D ratiosupto about0.4. Furtherincreasesin bV/D ca~ed CZP

tobecomelessnegative.

Centersofpressure.-Figure8 presentsthelongitudinallocation
ofthelatersl-forcecentersofpressureforthevariousconfigurations
tested.AU configurationstestedareinfairlygoodagreementwith
slender-bodytheoryexcepttheplanardeltasurfaceat anglesofattack
otherthanzero.

SteadyRollingCharacteristics

Cruciformconfigurations.-Themeasuredsteadyrollingcharacteristics
forthecruciformconfigurationssreshowninfigure9 as curvesofthe .
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derivatives~p~ Cnp)and C2p’plotted

spantoverticalspan b~bv forseveral

9

againsttheratioofhorizontal

valuesoftheratioofthelower

f
spantotheupperspanoftheverticalsurfacebvzbvu.

,

Theexperimentalresultsindicated,ingeneral,a decreaseinthe
negativevaluesof Cyp forincreasesinthespauofthehorizontalsur.

face.TherollingderivativeCzp exhibitedan increaseinnegative

valueswithincreasedhorizontalspan..Nodefinitetrendwasindicated
illCnp.

Theeffectofvaryingtheverticallocationofthehorizontalmember
(increasingbv%/bvu)wasto decreasethenegativevaluesof ~p and Clp

for
The

the
the

for

allratiosofhorizontal-surfacespantovertical-surfacespan b~bv.
theoreticalresultsofreference4 for CZP areingoodagreementtith

experimentalresultswhenthehorizontalsurfaceisnotatthebaseof
verticalsurface.Thetheoryoverestimatesvaluesfor C-ypand Clp

theinvertedT-configurations.

Theeffectsofvariationinangleof attackonthesteadyrolling
stabilityderivativesfora planardeltaand~ invertedT-configuration
srepresentedinfigure10. Fortheplanardeltaconfiguration,there
isnotverygoodagreementbetweenthetheoreticalcurvesof &p and Cnp

calculatedby reference5 andtheexperimentalresults,andthereisonly
fairagreementbetweenthecorrespondingtheoreticalandexperimental
tiues of Clp. Thereasonforthislackofagreementisnotknown;how-

ever,it ispossiblethatthefulltheoreticaledgesuctionwasnotrealized
experimentally.Thisfactoristhesourceofthe Cyp and Cnp deriva-

tivesandmaymake Czpappreciablydifferentfromthetheoreticalresults.
Someadditionaltestsmkleinconjunctionwiththisinvestigationindicated
thattheupwashofthesupportstrutcausedm incrementof CyP about

equaltotheamountthattheexperimentalcurveoffigure10(a)isdis-
placedfromtheoriginat zeroangleofattack.

v-Configurations.- Therollingderivatives~p, C%, and Czp for

theV-configurationssreshownplottedagainstdihedralangleinfigureIL
Upto a dihedralangleofapproximately45°,themostobviouseffectof
dihedralsinglewasthenegativeincreasein Cyp,tiichwasassociated

withtheincreaseinthe
a dihedralangleof450,

projectedlateralsxeaofthesurfaces.Above
theinterferencebetweenthetwosemispanstended

. ... ..-— ——--——.—. -..—. -- — ——— .—-----
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to disruptthetrendof Cyp and

tobecomelessnegativeandtogo
Thevariationoftheexperimental

NACATN3732

causedtheslopeof Cyp sgainstI’

positivefordihedralanglesabove750.
derivativeC withdihedralangle .

%
wasabouthalfofthatpredictedby theoryupto a dihedralangleof45°.
Froma dihedralangleof45°to approximately750, Cnp remainednesrly
constant,andat90°,itdecreasedslightlyfromthevalueat75°. The
derivativeClp wasroughlyconstantatabout-0.~from0°to

dihedral,butitdecreasedthereafter,becomingaboutone-half
@ theoriginfor90°ofdihedral.Theseexperimentalresults
ingoods+yeementwiththetheoryofreference4 for ~p and

areinfairagreementwiththatofreference5 for ~p upto

600of

thevalue
srenot
Czpbut
dihedral

anglesofabout15°andfor %p up todihedralanglesof about60°.

Thisdifferencebetweent~oreticalandexperimentalresultsmaybe at@ib-
utableto a differenceinedgesuctionasmentionedpreviouslyinconnec-
tionwiththeresultsfortheplansrMng atanangleof attack.. !,

Y-Configurations.-Theeffectofvariationofthespanofla vertical
memberaddedtothebottomofa 450dihedral-angleV-configurati&on
thesteadyrollingderivativesCyp, C%, and Czp is showninfigure12.

Theeffectoftheadditionof sma12verticalspares,bV/D lessthan0.2,
wasto increasethenegativevalueof CyP. As theverticalmemberbecame

luger,however,Cyp becamelessnegativeandfinallywentpositivein

theregionof bv/D= 0.6. ThevalueoftheroUingderivativeClp

increasedonlyslightlyupto bv/D= 0.4. Beyondthispoint Clp becsme

appreciablymorenegative,beingat ~/D= 0.6 abouttwicethevalueat
theorigin.Thederivative~p wassmallandlittlesffectedby the

additionofthelowersurfacefortherangeinvestigated.Agreement
betweenthetheoreticalresultsofreference4 sndexperimentisnotgood
for Cyp, c%, ~ CZP”

Centersofpressure.-Figure13presentsthelongitudinallocation
ofthelateral-forcecentersofpressureforthevariousconfigurations
testedinrollingflow.The~eement betweenthetheoreticalcenters
ofpressureofreferences4 and5 andtheexperimentalcentersofpres-
sureisgoodto fairforallzero-angle-of-attackcasescoveredexcept
forthecruciformarrangementshavingthehori~ntalsurfacelocatedin
thecenteroftheverticalsurface.Theplanardeltaandinverted
T-configurationsthatweretestedthrougha rangeofangleof attack
experienceda lossinsideforceastheangleofattackwasincreased
which,whencombinedwiththeyawing-momentcoupleexisting,gavelarge

,,

.
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movementsofthecenterofpressuretoward
comparisonoftheoreticalandexperimental

‘IL

theapex.In suchcases,the

c% valuesas infigure10(a)
isofmoresignificanceasa measureoftheagreementbetweentheoryand
experiment.

From0°to 6° angleofattack,theinvertedT-configurationcenter
ofpressureisingoodagreementwiththetheoryofreference4. The
agreement
thissame
good.

betweentheoreticalandexperimental
angle-of-attackrangefortheplansr

centersofpressmein
deltawingisnotvery

CONCLUDINGRlMARK3

Thestaticlateralandrollingstabilityderivativesof a series
of cruciform,invertedT-,V-,smdY-configurationscomposedof low-
aspect-ratiotriangularsurfaceshavebeenobtainedat lowspeedinthe
6-foot-diameterrolling-flowtestsectionoftheLangleystabilitytunnel.
Thesederivativesarepresentedasfunctionsofthegeometryofthemodele,
snd,fortwoconfigurations(aplanarw@j andan invertedT),asfunc-
tionsofangleofattack.Theseconfigurationsweretestedinorderto
obtaindataforcomparisonwiththeresultsoftheoreticalstudies,and
wherepossible,comparisonsweremadeto inticatetheextentof agreement
betweentheoryandexperiment.Ingeneral,thesideslipderivativesshowed
better~eement betweentheoryandexperimentt~the roUingderivatives,
andthederivativesthatdependedupontheaerodynamicloadactingnormal
tothesurface(rollingmoment)showedbetterageementwiththeorythan
thederivativesdependinguponedgesuction(sideforceaudyawingmoment).

LangleyAeronatiicalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,July13,1955.
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(a)Surfaces.

Figure2.-Sketchofmodelsurfacesandconfigurationsusedin
investigation.All&hnensionsare-infeetunlessotherwise
specified.
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Figure2.- Continued,
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(b) Y-configuration.

Figure3.-Representativeconfigurations.
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Figure5.-Effectofchangeof.w@e ofattackontheehleslipderivativesoftworepresentative
conf@rations.
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Figure8.- Concluded.
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